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Introduction
According to Cihlar and Jansen [2001] , land cover [LC] and land use [LU] are concepts that define and describe terrestrial environment in natural and anthropogenic contexts. LC is largely of natural origin or is created by LU but, is characterized by the biophysical features of the terrestrial environment. On the other hand, LU refers to the manner in which these biophysical assets are used by people [for details, see Cihlar and Jansen, 2001] . It is the employment of LC and management strategy used on a specific class by human agents for land managers [Baulies and Szejwach, 1997] . LC may be created by LU as defined by infrastructural facilities such as roads, buildings, etc.
The relevance of remote sensing and GIS techniques for periodic LU and LC mapping and change detection has been copiously discussed [see, for example, Adeniyi and Omojola, 1988 , Njoku, 1992 , Njoku, 2006 , Njoku, et al 2006 . These studies emphasized that places characterized by paucity of environmental data, rapid environmental changes and acute ecological problems require regular monitoring for baseline data.
Owerri and environs are characterized by natural and man-made problems and rapid land use and cover changes such as flooding, erosion, induced soil infertility and degradation, deforestation, etc. This study examines the application of multi-temporal remotely-sensed data in the detection of static LU and LU changes between 1986 and 2000. The study provides temporal empirical comparative assessment of TM 86 and ETM+ 2000, while identifying the primary drivers of the intra-class dynamics during the periods in order to predict what types will dominate the area in the future. The study area, Owerri metropolis is a closely-settled built-up area and the administrative capital of Imo State of Nigeria. The pre-1976 Nnaji, 1998 , 1999 and FGN, 2003 however reported declining trend in rainfall characterized by large spatial and temporal variations.
The area lies in the rainforest belt of Southeastern Nigeria characterized by low-land tropical rainforest, which has virtually given way to secondary forest re-growths of mostly tree crops and shrubs separated by crops at various stages of growth. In the area, vegetation plays the dual role of humus supply and protection of the soil from the ubiquitous soil erosion. Owerri and environs are within the densely populated region of Southeastern Nigeria. In spite of the increasing population which presses on land availability market gardening is largely practiced. The growth rate of the population growth, its size structure, density, spatial distribution and urbanization characteristics are critical factors of the environment likely to affect LU and LC dynamics. Being the administrative capital of Imo State, associated infrastructure, education opportunities and employment potentials, the city attracts growing migrants from distant and adjourning towns and villages. The emergence of small and medium sized agro-husbandry industries in the peripheral, semiurban villages have attracted urban sprawl and rapid socio-economic activities. Hence, subsistence agriculture, petty trading, white collar jobs (paid employment), artisanship characterize and significantly influence the contemporary LU and LC patterns. This has exerted great pressure on the ecological resources, even without any eco-conservations efforts. Similarly, soil erosion, flooding, increasing soil infertility resulting in bare surfaces also contributed in shaping these patterns.
Methodology
The study was undertaken with corrected Landsat Thematic Mapper 1986 [TM 86] and Enhanced Thematic Mapper plus 2000 [ETM+ 2000 ] satellite imageries. These were used for LU and LC classification and statistical change analysis of static features captured by the imageries. The 1:100,000 administrative map of Imo State covering the study area was obtained from the Ministry of Lands and Urban Development, Owerri Nigeria. The map was used for the enhancement of LU and LC classification, orientation and geometric registration of the imageries during interpretation. Sat 1. The data were analyzed at the National Centre for Remote Sensing, Jos, Nigeria. The imageries were preprocessed and corrected for system errors, terrain distortions, and were geographically registered before being used for the change analysis using the ILWIS ACADEMIC 3.0 GIS software. The imageries were cloud free and of high quality having being acquired during the dry season 17 th and 19 th December for the ETM+ 2000 and TM 86 respectively. The Nigeria Sat 1 imagery showed marked influence of meteorological conditions. Erosion sites also slightly affected the classification in the form of non-heterogeneous spectral reflectance. The imagery has ground resolution of 32 meters, swat width of 600 x 450 km, and bands of 1, 2, 3 and 4. The LU and LC patterns represented on the map were used as the starting point of the contemporary LU and LC classification in the present study. This done, the regularity of LU and LC conversion of the different classes were analyzed. Consequently, the LU and LC classes were identified through a combination of their image characteristics, previous LU and LC map patterns and the potential changes that took place in the past. The map was used on the assumption that the trends, regularity and patterns can be identified for the LU and LC conversion process. Image classification was achieved through preparation of a confusion matrix using the ILWIS software. With this a classification scheme for the LU and LC features were developed to be compatible with those already in use in the region and numerically coded and collapsible in nature. The scheme has five levels which cover the LU and LC features in the area as shown on Table 1 . Similarly, analysis of the imageries followed an ordered pattern.
The image classification scheme involved the initial step of classification of the different spectral reflections into different classes of objects or terrain features based on the definition template available on the ILWIS 3.0 GIS software. The grouping of features on the imagery was based on the spectral signature responses of the attributes. Virtual analysis of the satellite imageries using the ILWIS software through a clip and subset procedure was undertaken to extract the desired areal extent of the study area from the large data set. In the urban and peripheral, semi-urban areas texture analysis was used in the LU and LC classification enhancement in response to the complex patterns resulting from similar spectral characteristics. This involved the capture and utilization of recurring characteristics to distinguish closely identical LU and LC classes. The on-screen mapping was achieved by delineating areas of relative homogeneity through assigning polygons over those similar areas. The delineation was based on hue, texture and context. It
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The Percentage Absolute Variation of Mapping (PAVM) was calculated to determine the degree of variance and the ability of the imageries to accurately map the features. Comparative and statistical change analysis which involved the measurement and computation of the LU and LC change of 1986 and 2000 was also carried out. This involved determination of the change in areas between individual LU classes in 2000 from their area coverage in 1986 and the conversion of one LU class to another between 1986 and 2000. The values range from 0 to 100%. A zero value implies no change existed between the data sets. The value of 100% means that LU and LC classes identified on one data set was completely transformed on the other set. Figure  1 shows the analysis procedure of change detection.
Results and Discussion
The major LU and LC classes identified in the study are: built-up area, poorly dispersed forest vegetation, cultivation, bare/eroded surfaces and water body. These were easily identified and delineated on TM 86 and ETM+ 2000. There were observed varying degree of spectral signatures on the generated imageries and variations in the settlement class. This was due to marked variations in settlement type such as the densely populated residential, commercial and sparsely populated areas. The variants of forest vegetation was the dormant LU and LC type in 1986 and 2000 and covered a total area of 2,792.72km 2 , especially around the out-lying peri-urban areas.
Land areas and features were assigned different spectral signatures to represent changes from one class to the other. The largest inter-class change occurred between the cultivation and the forest vegetation classes. The forest vegetation class has the largest unchanged portion among the classes. The Landsat TM 86 showed different spectral signature for the different classes of LU and LC. The area coverage of the different LU and LC classes is showed on Table 2 .
The Landsat ETM+ 2000 showed marked similarities in the spectral signatures in the depiction of the identified LU and LC classes, as presented on Table 3 . However, the false color composite, Landsat ETM+ of 12 December 2000 showed a higher resolution of features and attributes. This is traceable to the superior sensor borne by the ETM+ 2000. There were also marked variations of spectral reflectance among the classes and sub-classes as observed on the TM 86. These similarities are due to the high influence of Indexed African Journals Online: www.ajol.info prevailing environmental conditions, since the two imageries were captured during the dry season. Comparative analysis of the two imageries reveal that changes occurred in the intervening period while some LU and LC classes diminished others increased. The LU and LC change map shown in Figure 4 depicts the various inter-class area changes among the five classes.
A visual summary of comparison of the TM 86 and ETM+ 2000 LU and LC change analysis is presented on Table 4 . The study revealed that the change from forest vegetation class to other classes were relatively small. The total unchanged forest area was about 1,097.46km 2 and about 23.32% conversion to other classes. The conversion to the built-up class was about 42.79km 2 possibly due to urbanization and land development as a result of population increases in the last two decades. The conversion to the water body class represents about 0.63km 2 of the forest vegetation class. This result could be as a result of misclassification of their spectral signatures. The conversion to the cultivation class showed mainly around the semi-urban outlying areas. These represent the largest conversion of the forest class (about 290.38km
2 ). This could arise from increased subsistence farming in the outlying areas of Orji, Naze, Irete, Amakohia Uratta and Akwakuma and Egbu/Awaka suburbs. The percentage changes of these conversions are presented on Table  5 .
Changes on the built-up class were generally small though conversion to the cultivation class was high. The unchanged segment was about 331.15km 2 and it had about 24.4% conversion to other classes, mainly forest vegetation, water body and cultivation. Conversion to the forest vegetation represents about 15.29km 2 . This could be explained by the spectral reflectance of nearby tree canopies especially in the outlying areas, and the regeneration of plant/tree cover over time. Conversion to the water body was about 0.56km 2 . This may be attributed to the presence of wetland/flooded areas of the receding rainy season. Conversion to the cultivation class represents 91.04km 2 . This largest change may be due to conversion of some existing recreational areas and open spaces to farmlands, especially around Nekede and other suburban locations. This scenario is illustrated on Table 6 . The bare/eroded surface class showed a high rate of conversion of about 79.36% on the TM 86 imagery. It was mainly converted to such classes as forest vegetation, built-up and cultivation. Conversion to the forest vegetation class was about 0.02km 2 of the previous eroded surface area. This can be explained by the natural regeneration of plant cover between 1986 and 2000 especially around Aladinma layout of the metropolis. Conversion to the built-up class mainly observed around core Owerri metropolis (e.g. the New Owerri Layout) and the Amakohia Uratta area was about 20.35km 2 . This may be as a result of urbanization to meet the demands of the rising population of Owerri and environs. Conversion from bare/eroded surfaces to the cultivation class was minimal and about 1.56km
2 . This implied that there is conversion of small proportion of the open spaces and vacant lands into cultivated farmlands [see Table 7 ].
The conversion in the water body class showed high bias and was about 84.37%. The estimated unchanged segment was about 1.49km . The conversion to the forest vegetation represents about 3.19km of the water body surface area. Bias here may have been introduced by possible interference of overlying tree/plant cover over the water bodies. This made classification difficult. The conversion to the cultivation class was about 1.5km 2 a value higher than the unchanged area segment of the water body class. The percentage changes of these are presented on Table 8 . LU and LC changes in cultivation class were about 66.36% of the total surface area involving the built-up, water body and forest vegetation class. Unchanged area segment of the cultivation class was about 295.89km 2 . This may be attributed to land development and encroachment which characterize New Owerri and Aladinma layouts. Thus, about 150.79km2 of the entire area of the cultivation class is affected. Change to the forest vegetation class was about 444.32km 2 . This may be as a result of natural regeneration of the plant/tree cover particularly the wooded shrubslands present at locations such as Naze. Also, fallowed farmlands and other cultivatable arable lands may have presented this scenario. The changes are shown on Table 9 .
The comparison of the differences between the areas covered by the classes in the data sets is presented on Table 10 and Figure 10 The values show that there was an overall change of about 26.9% between the data sets. The forest vegetation showed the lowest (4.31%), while the eroded/bare surfaces showed the highest change of 65.74%. This portrays the ability of the two imageries to accurately map identical features. Detailed PAVM results of the imageries are shown on Table 10 .
Conclusions
The results of the study revealed significant shift between the two periods. The imageries proved very useful and effective in the accurate mapping of ground features. The bare/eroded surfaces class gave the highest PAVM value of 65.7% followed by water body 44.9. This implies that the LU and LC underwent massive transformation and change in the referred period. This may be as a result of massive land/physical development due to rising spate of urbanization around Owerri and environs. Apart from these, irregular and scattered LU and LC patterns characterizes the study area, thereby making lack of spatial specialization a hindrance to integrated land management and development with consequent environmental problems such as soil erosion, loss of biodiversity, soil infertility and loss of environmental aesthetics.
Given the above results of the study, it is imperative to monitor and inventory the key drivers of LU and LC change. It is also relevant to apply GIS and RS techniques to acquire land based data. 
